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TECHNICAL MEMORANDUM X- 53262 


SA-8 OPERATIONAL TRAJECTORY 
By 

Pamelia B. Pack 
and 

Gordon W. Solmon 

George C. Marshall Space Flight Center 


ABSTRACT 


This report presents the operational predicted trajectory for 
Saturn I vehicle SA-8 to be flown over the Atlantic Missile Range. 
Included is a discussion of the vehicle and mission objectives, the 
trajectory shaping and constraints and a brief description of the 
vehicle. Wind limit criteria and range safety aspects are also 
summarized. 

A successful flight will insert the depleted S-IY stage and payload 
into an orbit with perigee and apogee altitudes of 510 km and 754 km, 
respectively. This orbit has a nominal lifetime of 1200 days. 

The payload consists of an Apollo boilerplate (BP- 26) and a 
Meteoroid Technology Satellite (Pegasus). BP-26 is used to simulate 
the characteristics of an Apollo spacecraft whose ultimate mission 
will be a manned lunar landing and return to earth. After insertion 
into orbit, Pegasus will be exposed and, after wing deployment, will 
transmit micrometeoroid data to earth upon telemetered command. 
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TECHNICAL MEMORANDUM X- 53262 


SA-8 OPERATIONAL TRAJECTORY 


SUMMARY 




The trajectory for SA-8 was optimized to insert the S-IV stage 
and payload into an elliptical orbit with perigee and apogee altitudes 
of 510 km and 754 km ) respectively. This orbit has a predicted 
nominal lifetime of 1200 days. 


The S-I stage pitch program was shaped to minimize the angle of 
attack through the region of high dynamic pressure under non- wind 
conditions. The S-IV stage uses the Iterative Guidance Mode (IGM) to 
guide an optimum path in the pitch plane and the delta minimum mode 
for cross range guidance. j 

The S-I booster will propel the vehicle to an altitude of 89 km 
with a range of 81 km. After separation of the two stage vehicle and 
approximately 2 sec of ullage rocket operation, the S-IV main stage 
will ignite. The S-IV main engines will burn until the guidance computer 
initiates Guidance Cutoff Signal (GCS), which occurs when the inertial 
velocity reaches 7672.06 m/s. Then, after 10 seconds to allow thrust 
decay, orbital insertion occurs at 638. 58 sec from liftoff. Conditions 
at time of insertion: A velocity of 7675. 18 m/s; a path angle (inertially 
referenced from the local vertical) of 90. 000 deg; initial perigee 
altitude of 506. 5 km and a corresponding apogee altitude of 751. 2 km 
when referenced to a spherical earth of 6378. 165 km. 


The earliest S-I inboard engine failure which still results in a 
guidance cutoff is 90 seconds after liftoff. An outboard failure will 
not permit a guidance cutoff, but failure after 140 seconds from 
liftoff will result in at least a circular orbit (approximately 510 km 
altitude). 



SECTION I. INTRODUCTION 


The Block II vehicle SA-8, consisting of two live stages, 

Instrument Unit, Apollo Boilerplate, and Pegasus Payload (Figure 1), 
is scheduled to ascend from Launch Complex 37B, Atlantic Missile 
Range Facilities in late May. SA-8 will have a launch azimuth of 
90 deg East-of-North (105 deg East-of-North flight azimuth). 

This trajectory is based on propulsion (References 1 and 2) and 
mass (Reference 3) data provided by P&VE Laboratory. The first 
stage will be propelled by eight Rocketdyne H-l engines providing a 
total thrust of 1.5 million pounds. Six 15, 000 pound-thrust, Pratt & 
Whitney, RL10A-3 engines power the S-IV stage during flight. The 
S-I stage measures 6. 5 meters in diameter and 24. 5 meters in length. 
The S-IV stage is basically a 5. 6 meter -diameter cylinder measuring 
12. 5 meters in length. With the Instrument Unit, Payload and Launch 
Escape System (LES), the total vehicle configuration stands approx- 
imately 57. 3 meters and has a liftoff mass of 1, 129, 768 pounds. 
Found in Reference 4 is a more complete description of the vehicle 
and payload (see Figure 2). There will be no onboard camera 
coverage of separation. 

Lifetime information presented in this report was obtained from 
the Operations Studies Branch, R-AERO-FO. The structurally 
imposed wind limits and Pegasus angular rate limitations summarized 
in Appendices A and B are provided by R-AERO-FMS. The Range 
Safety Summary, Appendix C, is provided by R-AERO-FMR. 


SECTION II. DESCRIPTION 


The SA-8 vehicle will lift off from Pad 37B, rising vertically 
for 9 sec in order to clear the launch facilities and then simultaneously 
begin its pitch program and roll maneuver. The roll rate will be 
nominally one deg per second. 

The first stage trajectory was shaped to minimize aerodynamic 
moments during the period of highest dynamic pressure. The tilt 
program is not biased for wind as the launch date is in a low wind 
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period. The entire flight program was optimized to attain the 
maximum performance while achieving the desired orbital mission 
objectives and constraints which, briefly are: 

1. Guarantee a one-year lifetime 

2. Guarantee a guidance cutoff 

3. Limit the apogee altitude to approximately 7 50 km 

4. Have a minimum of residual propellant at guidance cutoff. 

A tilt arrest of 52.45 deg is programmed at 138 sec after liftoff 
to ensure ample damping time for various sloshing and transient 
motions in order to avoid premature cutoff and separation sequences. 
The separation sequence of events is commanded from a timer which 
is initiated by propellant level sensors (Reference 5). 

After separation, tilt arrest is continued until 168 sec after 
liftoff, allowing sufficient time for the LES tower and ullage casings 
to be jettisoned. The Launch Escape System has only one active 
motor, the jettison motor. This motor provides the capability of 
separating the LES from the Command Module (CM) during an abort 
mode or during normal flight. 

The Saturn guidance system. Iterative Guidance Mode (IGM), 
implemented approximately 17 sec after separation, will guide the 
S-IV vehicle to the desired terminal conditions. IGM terminal 
conditions are given in Appendix D. Guidance Cutoff Signal (GSC) is 
sent by the onboard computer (ASC-15) when the inertial velocity 
reaches 7672. 06 m/s. 

Orbital insertion is defined as 10 sec after GCS. Insertion 
conditions are given in Table 1. After GCS, the S-IV vehicle under- 
goes a 180 sec venting period to reduce LH 2 residuals. At this time 
the blowdown non-pr opulsive vents are closed and, one sec later, the 
Pegasus S-IV combination separates from the Apollo Boilerplate 
(809. 58 sec flight time). The Pegasus satellite begins its wing 
deployment 60 sec after separation and terminates approximately 
60 sec later (929.58 sec after liftoff). 

The complete flight profile is presented in Figure 3 with the 
nominal pitch tilt program graphically presented in Figure 4. 
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SECTION in. RESULTS 


The SA-8 fact sheet found in Table I contains a summary of the 
vehicle characteristics, trajectory history and insertion and orbital 
conditions. Table II contains the tilt program and Table III the 
sequence of events for SA-8. 

A detailed presentation of the predicted operational trajectory 
parameters is given in Tables IV through VIII. Table IV contains 
the S-I stage boost flight; Table V the S-IV ullage portion; Table VI 
the S-IV mainstage and orbital portion of flight to separation. The 
velocity increment imparted to the S-IV/Pegasus B at separation is 
0. 3 m/sec. The most sensitive direction for the delta velocity to 
affect the orbital shapes is along the total velocity direction. 

Normally the Pegasus velocity will be decreased, with maximum 
effect being reduction in apogee altitude by approximately 1 km. 

Table VII contains the S-I retro portion; Table VIII contains the S-I 
stage ballistic flight to impact. The S-I impact coordinates from the 
nominal trajectory are 25. 7748 deg North geodetic latitude and 
71. 3160 deg West longitude and 965. 97 km downrange. 

No dispersion analysis was done from the SA-8 nominal trajectory 
due to its similarity to SA-9. 


4 



TABLE I 


SA-8 FACT SHEET 


I. Mission 


Vehicle SA-8 

Payload Apollo Boilerplate and Pegasus Satellite 

II. Configuration 


S-I Stage 8 engines at (188k lbf) 

S-IV Stage 6 engines at ( 15k lbf) 


836, Z66 newtons per engine (rated) 
66, 7Z3 newtons per engine (rated) 


Payload 


Orbital Configuration ZZ, 651 Ibm Apollo Boilerplate 

and Pegasus Satellite 


III. Mass Characteristics 


Total Mass at Lift-Off 

512, 454 kg 

(1, 129, 768 Ibm) 

Mass at First Stage Cutoff (OECO) 

117, 375 kg 

( 

258, 767 Ibm) 

Mainstage Consumption During First 
Stage of Flight (To Separation) 

392, 769 kg 

( 

865, 907 Ibm) 

Mass at Second Stage Ignition 

62, 109 kg 

( 

136, 926 Ibm) 

(152. Z9 sec) 




Mass at Second Stage Cutoff 

15, 343 kg 

( 

33, 826 Ibm) 

(628. 58 sec) 




Mainstage Consumption During Second 
Stage of Flight 

45, 297 kg 

( 

99, 863 Ibm) 

Flight Performance Reserve at S-IV 

236 kg 

LOX ( 522 Ibm) 

Cutoff 

48 kg 

lh 2 

(105 Ibm) 

Instrumentation Unit 

1, 212 kg 

( 

2, 673 Ibm) 

Orbiting Payload (Pegasus Satellite)* 

10, 275 kg 

( 

22, 651 Ibm) 


*After Separation 

NOTE: All values are inertial where applicable unless otherwise denoted 
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TABLE I (CONT) 


IV Trajectory and Orbit 


A. Launch 

Launch Complex and Pad 

Latitude 

Longitude 

Launch Azimuth 

Flight Azimuth 

B. Trajectory History 

First Stage 


37B 

28. 53185406 deg 
80. 56495285 deg 
900 E of N 
105° E of N 


S-I Stage Roll Tilt Initiation 
S-I Stage Pitch Tilt Initiation 
S-I Stage Roll Tilt Termination 
S-I Stage Roll Angle 
S-I Stage Mach One 

S-I Stage Maximum Dynamic Pressure 

S-I Level Sensors Enabled 

S-I Stage Pitch Tilt Arrest 

S-I Stage Pitch Angle at Tilt Arrest 

S-I Stage Inboard Engine Cutoff (IECO) 

S-I Stage Outboard Engine Cutoff (OECO) 

S-I Stage Velocity at OECO (Inertially Ref) 

(Earth Ref) 

S-I Stage Path Angle at OECO (Inertially Ref) 

(Earth Ref) 

S-I Stage Altitude at OECO 
S-I Stage Range at OECO 


9 sec 

9 sec 

24 sec 

1 5 deg 

55 sec 

68 sec 

1 38 sec 

1 38 sec 

52. 45 deg 

143.79 sec 

1 49. 79 sec 

3, 028. 68 m/ sec 
2, 700. 60 m/ sec 

56. 893 deg 
52. 226 deg 

88. 08 km 

79. 54 km 
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TABLE I (CONT) 


Separation 

Ullage Ignition (S-IV Stage) 

S-I/S-IV Separation 

Retro -Rocket Ignition (S-I Stage) 

Second Stage 

S-IV Stage (Main) Ignition 

S-IV Stage 90% Thrust Attained 

S-IV Stage Ullage Rocket Cutoff 

S-IV Stage Ullage Casing and LES Jettison 

S-IV Stage Guidance Initiation 

S-IV Stage Guidance Cutoff Signal (GCS) 

S-IV Stage Velocity at GCS 

S-IV Stage Path Angle at GCS 

S-IV Stage Altitude at GCS 

S-IV Stage Range at GCS 

S-IV Stage Latitude at GCS (Geocentric) 

S-IV Stage Longitude at GCS 

C. Insertion Conditions 

Time 

Velocity 

Path Angle (Against Local Vertical) 
Altitude (Oblate Earth) 

Range 

Latitude (Geocentric) 


1 50. 49 sec 
150.59 sec 
1 50. 59 sec 

1 52. 29 sec 

1.8 sec (Approx. ) 
1 54. 29 sec 
162. 59 sec 
168 sec 
628. 582 sec 
7, 672. 06 m / sec 
90. 005 deg 
509. 642 km 

1, 856. 39 km 
22. 5547 deg 
63. 2171 deg (West) 


638. 582 sec 
7,675. 18 m / sec 
89.9997 deg 
509. 570 km 
1, 923. 53 km 

22. 304 deg 
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TABLE I (CONT) 


62. 6233 deg (West) 
113. 2214 deg 
66. 14 m/sec 


Longitude 

Azimuth 

Excess Circular Velocity 


D. Orbital Characteristics (Spherical Earth; 


Re = 


Perigee Altitude 
Apogee Altitude 
Anomalistic Period 
Semi-Major Axis 
Eccentricity 
Inclination 

Longitude of Ascending Node* 
Argument of Perigee 
True Anomaly at Insertion 
Eccentric Anomaly at Insertion 
Mean Anomaly at Insertion 
Regression Rate of Node 


6, 37 8. 165 km) 

506. 5 km 
751.2 km 
97 . 29 min 
7,007 km 
. 01746 
31. 763 deg 
158. 87 deg (East) 
133. 85 deg 
.0183 deg 
.0180 deg 
.0176 deg 
-6.1 deg /day 
9. 4 deg /day 
-56. 99 km^/ sec^ 


Rate of Change of Argument of Perigee 
Vis Viva Energy (Twice Total Energy) 


E. Lifetime Characteristics 
Nominal Lifetime 
Guaranteed Lifetime 

Ballistic Parameters for Tumbling Vehicle 
c D a 


1, 200 days 
844 days 

265 m^ 


*Only flight time is reflected due to uncertainty of sidereal time of 
launch. 
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TABLE I (CONT) . 


Post Venting Orbital Mass 10 , 275 kg 

Ballistic Coefficient (Cj~) A/M) . 026 m^/kg 

V. Control 

Active Sensors Rate Gyro and Vehicle-Fixed Accelerometers 

VI. Guidance 

1. First Stage Time Function Polynomial 

2. Second Stage 

(a) In Plane (IGM) 

(b) Crossrange (Delta Min) 
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TABLE II 


PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-8 


Flight 


Flight 


Flight 


T ime 


Time 


T ime 


(sec ) 

(deg) 

(sec) 

(deg) 

(sec) 

(deg) 

0 

0 

33 

6. 70 

66 

24 65 

1 

0 

34 

7.15 

67 

25 25 

2 

0 

35 

7. 65 

68 

25. 80 

3 

0 

36 

8. 10 

69 

26. 35 

4 

0 

37 

8. 60 

70 

26. 95 

5 

0 

38 

9. 10 

71 

27 50 

6 

0 

39 

9. 60 

72 

28. 10 

7 

0 

40 

10.10 

73 

28.65 

8 

0 

41 

10. 65 

74 

29. 15 

9 

0 

42 

11.10 

75 

29. 75 

10 

0. 25 

43 

11. 70 

76 

30. 30 

1 1 

0. 30 

44 

12. 25 

77 

30. 80 

12 

0. 45 

45 

12. 80 

78 

31 . 40 

1 3 

0. 60 

46 

1 3. 30 

79 

31 . 90 

14 

0. 65 

47 

1 3. 90 

80 

32. 45 

15 

0. 90 

48 

14. 40 

81 

33. 00 

16 

1 . 05 

49 

14. 90 

82 

33. 50 

17 

1 . 25 

50 

15. 50 

83 

34. 05 

18 

1 . 45 

51 

16. 10 

84 

34. 50 

19 

1 . 70 

52 

16.60 

85 

35. 00 

20 

1. 95 

53 

17 15 

86 

35. 50 

21 

2. 25 

54 

17. 75 

87 

36. 00 

22 

2. 50 

55 

18. 30 

88 

36. 45 

23 

2. 85 

56 

18.85 

89 

36. 90 

24 

3. 20 

57 

19. 45 

90 

37. 40 

25 

3. 50 

58 

20. 00 

91 

37. 85 

26 

3. 85 

59 

20. 60 

92 

38 25 

27 

4. 25 

60 

21 . 20 

93 

38. 75 

28 

4. 60 

61 

21 . 75 

94 

39. 15 

29 

5. 00 

62 

22. 35 

95 

39. 65 

30 

5. 45 

63 

22. 90 

96 

40.00 

31 

5. 85 

64 

23. 50 

97 

40. 40 

32 

6. 25 

6 5 

24. 05 

98 

40. 85 
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TABLE II (CONT’D) 


Flight 


Flight 

Time 


Time 

*(sec) 

(deg) 

(sec) (deg) 

99 

41. 20 

134 51.75 

100 

41.65 

135 51.75 

101 

42. 00 

136 52.15 

102 

42. 35 

137 52.40 

103 

42. 80 

138 52.45 

104 

43. 15 

*168 52.45 

105 

43. 50 


106 

43. 85 


107 

44. 25 

*Time of IGM 

108 

44. 60 


109 

44. 90 


110 

45. 25 


111 

45.55 

1 

112 

45. 90 


113 

46. 25 


114 

46. 50 


115 

46. 85 


116 

47.15 


117 

47. 50 


118 

47. 70 


119 

48. 05 


120 

48. 35 


121 

48. 60 

i 

122 

48. 85 


123 

49. 10 

1 

124 

49. 40 


125 

49. 65 


126 

49. 90 


127 

50. 15 


128 

50.40 


129 

50. 60 


130 

50. 85 


131 

51 -1 0 


132 

51. 30 


133 

51. 50 
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TABLE III 


Time 

(From Lift-off) 
0 

9 . 0 
24 . 0 
138 . 0 
138. 0 

142 . 0 

143 . 79 
149. 79 
150. 49 
150. 59 

152. 29 

154. 29 
162 . 59 
168 . 

591 ■ 

628. 582 

638. 582 

808. 582 
12 


SA-8 SEQUENCE 'OF EVENTS 

Event 

Lift- off 

Initiate Roll and Pitch Tilt 
Terminate Roll 

Signal from Sequencer to Enable Level Sensors 
Tilt Arrest 

S-I Stage Level Sensor Signal 

Inboard Cutoff (S-I Stage) 

Outboard Cutoff (S-I Stage) 

Ullage Rocket Ignition (S-IV Stage) 

Separation, Immediately Followed by Retro 
Rocket Ignition (S-I Stage) 

S-IV Mainstage Ignition 

Ullage Rocket Thrust Termination 

Jettison Ullage Rocket Casing and LES 

Initiate Active Guidance 

Signal from Sequencer to Arm LOX Cutoff 
Capability 

S-IV Stage Guidance Cutoff Signal 
End of Powered Flight 

Close Blowdown Non- Propellant Vents 


TABLE HI (CONT'D) 


809. 582 Start S-IV Pegasus/Apollo Separation 

869- 582 Begin Pegasus Wing Deployment 

929- 582 Terminate Wing Deployment 
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TABLE IV -A 

S-I STAGE NOMINAL TRAJECTORY 
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(3) Separation 
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FIG. 2. SA-8 CONFIGURATION 
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APPENDIX A 


Wind speed limits for the SA-8 vehicle have been determined for 
the maximum dynamic pressure region. These limits are established 
based on structural capabilities of the space vehicle as given by 
R-P&VE-SLL. Structural data furnished are functions angle of attack 
(a), gimbal angle (/3), and dynamic pressure (q). Disturbances, other 
than the wind, used to establish these limits are 99% shears and gusts, 
3 a Ci and C 2 variations and + 10% variation in the control gains. 

Figure 5 shows the wind speed limits as a function of wind 
azimuth for the predicted maximum dynamic pressure time point. 

This figure shows the limits for various assumptions and combinations 
of disturbances upon which a decision for launch might be based. 

Wind magnitudes within the shaded portion of the curve could cause 
launch problems and a preflight simulation would be necessary for a 
launch decision. Wind magnitudes above the shaded portion could 
cause severe launch problems or make launch impossible. Wind 
magnitudes below the shaded portion create no apparent launch 
problems but, under exceptional conditions, even winds of this 
magnitude may still lead to structural problems; therefore, a limited 
amount of preflight simulation will still be performed. 
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APPENDIX B 


The SA-8 post insertion venting analysis provides a 95. 5% con- 
fidence level of not exceeding the 9 deg/sec roll and 2 deg/sec tumble 
rate limits outlined in Reference 6 . This analysis reflects the 
structural changes that are being incorporated for this vehicle; i, e. , 
the interchange of 0^ and Hg non-propulsive vents. It also includes 
the best estimate of impingement effects of vented H 2 gases on the 
Pegasus wing structure (based on 3A-9 flight evaluation data), as 
well as perturbations due to misalignments, c. g. shifts, etc. 
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APPENDIX C 


Range Safety Data for SA-8 


The range safety data presented in Reference 7 consists of 
booster and LES impact areas, effects of range safety flight termina- 
tion, land impact probabilities, injury probabilities, turning rate 
effects and other pertinent information. 

The following parameters were varied to obtain the 3 a envelope 
for range safety purposes: thrust, flow rate, liftoff weight, and wind 

speed. Impact data for this envelope is given in tabular form and con- 
sists of instantaneous cutoff time, geodetic latitude, longitude, 
remaining flight time, and range along the earth's surface from 
launch to impact. 

The vehicle velocity vector turning data for the nominal trajectory 
is graphically presented. In particular, the total velocity vector 
magnitude and orientation in the lateral direction is presented as a 
time function from the point of malfunction (engine gimbal deflection), 
applied in the yaw plane. 

The probability of the S-IV stage dropping short of orbital 
insertion is .13. The probability of impacting on land can be 
calculated as follows: 

At 

^ = Ti X P F 

Pj = probability of impacting on land area 

Aj. = dwell time (IIP transit time) 

Tg = total burn time of second stage 

Pp> = probability of any failure causing the 2nd stage to drop short 

for SA-8: I>i = 9. 45 x 10' 4 
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APPENDIX C (CONT'D) 


Subdividing the impact probabilities for individual countries: 


Land Area 

Dwell Time 

Impact Probability 

South West Africa 

1.3 

3. 5 x 10" 4 

Union South Africa 

. 8 

2. 1 x NT 4 

Bechuanaland 

1.3 

3. 5 x 1(T 4 

Swaziland 

. 1 

2.7 x 10-5 


The probability of injuring a person downrange can be determined 
in the following manner: 

^ „ N 

P IP - P I x lX x A L 

where 

Pjp = probability of injuring a person 
N 

= propulation density of country 

L A 

A^ = lethal area 


The probability of injuring a person by overflying land is: 
P Ip = 2.4 x 10-6 


The probability of injuring a person, subdivided by Nation 


Nation 

p i 


N/LA 

(Per Sq. Mi. ) 

pip 

South West Africa 

3. 5 x 

10" 4 

1 

6. 3 x 10‘ 8 

Union South Africa 

2. 1 x 

lO* 4 

24 

9. 0 x 10" 7 

Bechuanaland 

3. 5 x 

io - 4 

1 

6. 3 x 10~8 

Swaziland 

2.7 x 

lO" 5 

28 

1.4 x 10" 7 
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APPENDIX D. IGM TERMINAL CONDITIONS 


The following defines the necessary IGM terminal conditions. 


T| rj-i 

= 

Terminal Radius Vector 


• 

Tlrp 

= 

Terminal Time Rate Change 

of t! t 

St 

- 

Terminal Tangential Velocity 

v T 

= 

Terminal Total Velocity (=\ 

• 2 • 7 

+ T + g ) 
T T 

1 g T 

= 

Terminal Radial Acceleration Due to Gravity 

*.T 

= 

Terminal Tangential Acceleration Due to Gravity 

T' 

= 

Time -To -Go (initially) 


V ex 

= 

Exhaust Velocity (g Q • I S p) 


The values for the above for SA-8 are as follows: 

T] >j< 

= 

6884489. 7 meters 


T T 

= 

-0. 90 meters/ sec 


^ T 

= 

7671. 5597 meters/sec 


V T 

= 

7671 . 5597 meters/ sec 


•• 

V 

= 

-8.4158 meters/sec 2 


• • 

6 gT 

= 

0 


T' 

= 

465. 0 sec (initially) 



= 

4200. 0 meters/ sec 

on 
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APPENDIX E. PREDICTED VEHICLE CHARACTERISTICS 
FOR FLIGHT EVALUATION COMPARISON 


S-I Stage 

The S-I thrust averages are obtained by considering the longitudinal 
components of thrust, reduced to sea level throughout flight. They 
are as follows: 

F T n F 1 + F 2 

Where F^ is the main engine thrust average and F % is the turbine 
exhaust thrust average. 


F i = 6,749,611 newtons 

(1, 517, 373 lbf) 

= 12, 749 newtons 

( 2, 866 lbf) 

F'p = 6, 762, 360 newtons 

(1, 520, 239 lbf) 


The S-I flow rate is derived as follows: 
W = 


W (T=0) " W (T = 140) " W aux I ! 140 


£ 


Where W aux = Ice, trapped environment, and chilldown 


W T = 2680 kg/sec (5908. 2 lbs/sec) 


I sp = 257. 3 sec 


S-IV Stage 

The S-IV stage thrust averages are vacuum values averaged from 
1.8 second (when 90% thrust is achieved) to 476.2 seconds of S-IV 
flight time. 

F>p = Fj + 1 F^ 
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APPENDIX E. PREDICTED VEHICLE CHARACTERISTICS 
FOR FLIGHT EVALUATION COMPARISON (CONT'D) 


Where F, is the engine thrust along longitudinal axis = 400002 newtons 

(89924 lbf) 

F 2 = Thrust due to cluster effect = -2798 newtons (-629 lbf) 

F 3 = Helium heater and chill down thrust = 734 newtons (165 lbf) 
Ftp = 397, 938 newtons (89,460 lbf) 

The flow rate is also obtained from 1. 8 seconds to 476. 2 seconds of 
S-IV flight time. 

Wp = 95 kg/sec (210.4 lbs/sec) 

I S p = 425. 2 sec 
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